October 2 4 , 1977 t o December 2 4 , 1 9 7 7 . 
This report, the first of the contract program, concerns itself mainly with the design aspects and materials ot construction for the continuous reactor. The current reactor design is discussed as well as factors which lead to the selection of the design and the materials of construction.
Heat transfer studies described in the report have indicated that a four pass heat exchanger is sufficient for preheating the reactant streams. Quartz was selected as the material for the heat exchangers.
Preheating studies carried out on tetrabromos~lane have demonstrated that it is stable to at least 1463OK. Establishment of this fact was very important as the process depends on energy input to the gas streams.
Initial test runs using only tetrabromosilane and hydroqen
indicated that silicon could be produced at temperatw2s in excess of 1182OK and at a molar ratio of hydrogen to tetrabromosilane of about 15 
Both e x i s t i n g c h e m i c a l v a p o r decomposition t e c h n o l o g y , and
t h e proposed c o n c e p t r e q u i r e s a h e a t e d s u b s t r a t e upon which o r i n t h e v a c i n i t y of which t h e r e d u c t i o n r e a c t i o n t a k e s p l a c e .
However, i n c o n t r a s t t o CVD t e c h n i q u e s , t h e l a t t e r a p p r o a c h u t i l i z e s r e a c t a n t s p r e h e a t e d above t h e r e a c t i o n t e m p e r a t u r e , and g r e a t l y i n c r e s e s t h e h e a t e d s u b s t r a t e " d e p o s i t i o n s u r f a c e
The bromosilane/hydrogen system has been selected as it is energetically more favorable than the chlorosilane/hydroqen system. It has been reported that the reduction of bromosilanes to silicon takos place at a lower temperature and with a more favorable conversion ratio than the analogous chlorosilane reduction ( 2 , 3 ) . The reduced energy consideration makes the overall process more attractive from both an economic and engineering materials point of view.
As the duration of the contract is rather short, a limitation has been placed on the number of a r e a s to be investigated.
Only two (2) brornosilanes, SiBrq and SiHBr will be investigated
'
and the program is limited to the design and development of the continuous reactor system. 
REACTION SYSTEM DESIGN
The primary goal of this task is the design and selection of materials for the complete continuous flow reacticn system.
An analysis of the total system required for this program indicated that the system could be considered to be composed of four (4) 
1.1 REACTANTS DELIVERY AND METERING SYSTEM
The function of this subsystem is to meter and deliver the reactant streams to the preheater subsystem. This simple analysis indicates that the major factors that must be considered in design. are: 1) Merging of the two preheated gas streams with a minimum amount of energy loss,
2 ) Thorough rnix,~~~ of the gas streams to promote rapid and more complete reaction, 3) Removal of excess heat so as to inhibit the reverse of reaction (1) '
that is, the redesolution of the silicon formed, and 4) The removal of both the injected and formed particulate matter from the reaction zone along with any other reaction products so as to maintain the equilibrium as far to the right as possible, and 5 ) Mixing chamber pressure levels. A secondary design factor that must also be considered is limitations imposed by materials of construction.
Pressure considerations are important since the mixer design should not inhibit a smooth flow of the bromosilane stream. As cited in Section 111. 1.1, the bromosilane delivery system operatw at atmospheric pressure or slightly above because of the boiler design and materials limitations. Thus, the reactor/mixer should be of a design that will promote the smooth flow of the bromosilane stream rather than being of a design which would cause irregular pulses or flashes in the stream.
As quartz is the only acceptable material for hanfiling bromosilanes in the temperature range undcr consideration the design mnst be of such a nature that it can be fabricated without the introduction of new problems associated with machining quartz, etc. Likewise, the design should be simple and easily repairable if failure should occur.
The criteria cited above has led to the selection of a design for the reactor/mixer which is based on that of a common steam ejector.
As is well known, steam ejectors are used extensively throughout the chemcial process industry for vacuum applications due to t h~i r design simplicity and efficiency. Design selection was based on the following analysis.
Steam ejector physics can be described as follows:
A high-volume, high-velocity, gas stream referred to as the l'motive-gas", is forced through a small diameter nozzle into a chamber or second stage. The dynamics of the motive gas cause a reduction in pressure in the chamber thus exerting a pulling effect on a second gas stream which enters the chamber. The second gas is referred to as the "suction for an area where the two gas streams will be thoroughly mixed and allowed to react.
In the last stage or diffuser stage, the gaseous stream is allowed to expand. This expansion has a cooling effect on the stream as it can be considered to be an adiabatic or approximate an adiabatic expansion. This, of course, meets the criteria of quenching or cooling the gas stream. The design provides for high gas velocities within the mixing area and at the start of the diffusor area which meets another of the initial requirements.
The design of the mixer/reactor was carried out using the methods outlined in reference 7. An initial set 02 operating conditions was selected and then a trial and error method applied until realistic parameters were obtained for area ratios, compression ratios, and expected performance. The Connection of the tube to the mixer/nozzle portion is by a quartz socket joint.
1.4 PROlIUCT COLLECTION SYSTEM

--
The product collection subsystem is quite simple. It consists of a cyclone separator shown in Figure 5 , several condensers or cold traps, and a vacuum pump. The cyclone separator The conclusions that can be drawn from these in 2stigations
are that quartz will function adequately as a material for the heat exchangers. Even temperatures in excess of 1573OK may be used; however, once subjected to this temperature for prolonged periods of time, physical disturbance or handling of the system will lead to failure due to fracturing of the quartz. This fact dictates that once the heat exchangers have been placed in the furnace they should not be disturbed.
Several experiments were repeated using the four pass exchangers.
Similar heating results were found as would be expected. The degree of warpage was reduced considerably since the four pass system was allowed to rest on the bottom of the furnace tube and had been reinforced throughout by tying the tubes together with solid quartz rod.
2.4 BROMOSILANE STABILITY STUDIES
These studies were undertaken to determine the maximum temperature to which tetrabromosilane could be heated without undergoing reaction or decomposing. The process reaction conditions require that the bromosilanes be heated to a temperature of at least 1273OK and preferably be stable to at least 1473OK.
However, in the event that they could not be heated to this range, an alternative or contingency plan was developed.
The alternative plan concerned itslef with determining the exact temperature at which any decomposition or reaction began.
A knowledge of this temperature would allow thermal energy input to the system to be balanced between the hydrogen and bromosilane streams so as to avoid premature decomposition of the latter. In addition, the effects of using an inert gas as a transport vehicle for the tetrabromosilane was also studied. An additional two experimental runs were carried out at atmospheric pressure using a two pass heat exchanger constructed of tubes having an internal diameter of 0. This task has just begun. The results reported in a latter sectlon are the results of test runs undertaken to determine the ieasibility of early designs.
3.1 PRELIMINARY EXPERIMENTAL STUDIES --
These experiments were carried out with a reactor/mixer subsystem which differs from that described in Section 111. Thermocouples were also mounted on each heat exchanger and in the furnace proper. The remainder of the system was the same as described earlier.
A total of five experimental runs have been carried out.
These runs served two purposes, 1) a cursorary look at the reaction and 2) system testing. The conditions for each run are given in Table 2 . Silicon particles were not injected into the system in any of the runs.
The results obtained from these runs proved to be very interesting and led to several modifications of the reactor/ mixer subsystem. None of the experiments produced any sjlicoc particles that could be collected. Runs number Lwo and five produced wall deposits in the reactor at the point where the two streams merged. Examination of the deposits showed that the material was silicon. The measured temperature for run number two was 1183OK and for number five 1182OK.
In both cases the molar ratio of hydrogen to tetrabramosilane was nearly the same. No deposits were noted for any of the other runs.
One of the major problems noted during the runs was the inability to control the tetrabromosilane stream so that a uniform rate was introhuced. Another probl~v which became otvious on observing the reaction in the reactor was the low velocities that were being obtained. It was possible to observe a fog or cloud in the reactor tube which appeared to move at a very slow rate down the reactor tube. The fog formation was probably due to adiabatic cooling of the gas during expansion from the small diameter quartz 
IV. CONCLUSIONS
A continuous high velocity reactor system has been designed and fabricated. 
PLANS --
During the next quarter of the co~tract. effort will be devoted to a complete study of the chcmistry taking place in the high velolity reduction reactor. Efforts will be aimed at establishing the o p t i n a i m parameters associated with the reaction and reactor system. Tetrabromosilane will be the >lain reactant; however, the study will also be extended to include tribromosilane.
VI. NEW TECHNOLOGY
No reportable items have been identified as new technology.
V I I .
